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I. INTRODUCTION
Massive MIMO, a candidate for 5G technology, promises
significant gains in wireless data rates and link reliability by
using large numbers of antennas (more than 64) at the base
transceiver station (BTS). Extra antennas help by focusing
the transmission and reception of signal energy into ever-
smaller regions of space. This brings huge improvements in
throughput. However, it requires a large number of Radio
Frequency (RF) chains (usually equal to number of transmit
antennas), which is a major drawback.
One approach to overcome these issues is to use Spatial
Modulation (SM) [1]. SM is a recently developed transmission
technique that uses multiple antennas [1]. In SM, an index of
transmit antenna is used as an additional source of information
to improve the overall spectral efficiency. In particular, a group
of any number of information bits is mapped into two con-
stellations: a signal constellation based on modulation scheme
and a spatial constellation to encode the index of the transmit
antenna. At any time instant, only one transmit antenna is ac-
tive, whereas other transmit antennas radiate zero power. This
completely avoids inter channel interference at the receiver and
relaxes the stringent requirement of synchronization among
the transmit antennas. In addition, unlike conventional MIMO
system, SM system does not require multiple RF chains at
the transmitter. At the receiver, a low complexity decoder
such as maximum receive ratio combining (MRRC) is used to
estimate the index of active transmit antenna, and after which
transmitted symbol is estimated. Using these two estimates, a
spatial demodulator retrieves the group of information bits.
However, a low spectral efficiency is main drawback of SM.
Therefore, a combination of SM with Spatial Multiplexing is
an effective way to increase spectral efficiency with limited
number of RF chains.
II. SPATIAL MODULATION-SPATIAL MULTIPLEXING
MIMO
Let b be the log2(K) +
N
K log2(M) bits emitted by the
source, where K is the number of number of available RF
chains and N is the total numbet of antennas. The information
bits are divided into two blocks of length log2(K) and
N
K log2(M).
The first group of log2(K) information bits determine which
group of antennas is activated out of NK antenna groups. Then
K log2(M) bits are divided further into K groups of log2(M)
bits. Now, each log2(M) bits are modulated using M-QAM
modulation and simultaneously transmitted over K antennas
using Spatial Multiplexing mode of MIMO.
To illustrate, consider an example, where we have N = 4
transmit antennas and K = 2 RF chains. Now, a set of N
transmit antennas are divided into NK =
4
4 = 2 groups, while
each group contains K = 2 antennas. A spectral efficiency of 5
bits/symbol/Hz (η = log2(2) + 2 log2(4) = 5) bits/symbol/Hz
is considered for this example, with M = 4 as constellation
of QAM modulation. Now, the information bits are divided
into two parts: the first part of data, i.e., (log2(2) = 1) bit
determine which group of antennas will remain active, and the
other part data 2 log2(4) = 4 bits is further divided into two
blocks of length (log2(M) = 2) bits. Two bits of each block
is modulated using M = 4 modulation and simultaneously
transmitted from antennas.
The advantage is if we use only Spatial modulation, the
spectral efficiency would be log2(4) + log2(4) = 4 bits/s/Hz,
whereas this configuration will have spectral efficiency of
log2(2)+ 2 log2(4) = 5 bits/s/Hz with little more complexity.
In addition, the number of RF chains required is only two.
In future, the low complexity detection algorithm will be
developed.
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